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Bending, which is an important part of plate processing, is usually ensured fast 
and high-precision by advanced CNC bending machine. Although the capacity of 
domestic bending machine production cannot be overlooked, bending machine CNC 
system has been monopolized by foreign companies. 
Bending process algorithms and graphical interaction has always been difficult 
and key points in system development. At present, there is no shortage of related 
research, but few discussion can effectively combine the graphics and process 
specifically for metal plate bending. 
From the perspective of bending process design, the paper presents a modular 
development approach of CNC bending 3D graphics system, combining with OpenGL 
programming, Standard Template Library application and computer graphics theory. 
Three-dimensional modeling of products, molds, back gauge and other assembly units 
on machine can be achieved in interactive interface. Results of collision detection can 
be used to guide metal plate bending process. Processing preference offers a wide 
selection, according to which the calculated optimum bending sequence and its 
simulation animation can finally export. 
This paper mainly includes the following aspects: 
1. Underlying algorithms associated with the graphics interface have been 
expanded, which provides the adequate and available means on drawing and 
interaction for the modular development of bending machine system functions. The 
editing interface is friendly and easy to operate. 
2. By combining painting graphics and geometric modeling studies, drawing 
methods and data structures on products, mold and other 3D models have been unified. 
On this basis, simulation process is highly consistent with the actual manufacturing 
conditions. 
3. Process auxiliary calculation method such as collision detection, back gauge 
selection, precision recognition, production time consuming etc has been designed. 
More comprehensive and complex manual intervention can be used to change process 
flexibly for different requirements. The results of bending sequence calculation have a 
higher promotional value. 















improve the speed of bending sequence calculation and make the result more credible. 
 

















英文摘要 .................................................................................................................... II 
中文目录 ................................................................................................................... IV 
英文目录 ................................................................................................................. VII 
图表索引 .................................................................................................................... X 
第一章 绪论 .............................................................................................................. 1 
1.1 数控板料折弯机 .............................................................................................. 1 
1.2 折弯机分类及发展现状 .................................................................................. 2 
1.3 课题来源及现实意义 ...................................................................................... 3 
1.4 课题研究内容 .................................................................................................. 4 
第二章 折弯系统图形开发环境 ........................................................................ 5 
2.1 环境配置 .......................................................................................................... 5 
2.2 画法函数 .......................................................................................................... 5 
2.3 视角控制 .......................................................................................................... 7 
2.4 图形拾取 .......................................................................................................... 9 
2.5 帧缓存与动画机制 ........................................................................................ 10 
2.6 本章小结 ........................................................................................................ 11 
第三章 折弯系统图形算法 ................................................................................ 12 
3.1 图形几何建模方式 ........................................................................................ 12 
3.1.1 立体造型的表示方法 ............................................................................ 12 
3.1.2 几何模型的构造方法 ............................................................................ 13 
3.1.3 模型数据操作 ........................................................................................ 14 
3.2 数据存储方式 ................................................................................................ 15 
3.2.1 数据结构和指针 .................................................................................... 15 
3.2.2 标准模板库 ............................................................................................ 16 















3.3.1 线段相交 ................................................................................................ 18 
3.3.2 多边形凸分解 ........................................................................................ 19 
3.3.3 多边形布尔运算 .................................................................................... 21 
3.4 交互控制算法 ................................................................................................ 23 
3.4.1 旋转变换 ................................................................................................ 23 
3.4.2 角度交互方法 ........................................................................................ 24 
3.5 本章小结 ........................................................................................................ 25 
第四章 折弯功能模块界面实现 ...................................................................... 26 
4.1 模具建模 ........................................................................................................ 26 
4.1.1 模具分类 ................................................................................................ 26 
4.1.2 模具结构及存储方式 ............................................................................ 27 
4.1.3 模具自由绘制 ........................................................................................ 29 
4.1.4 模具尺寸编辑 ........................................................................................ 30 
4.1.5 跟尺寸及其模型算法 ............................................................................ 31 
4.2 产品建模与工艺信息 .................................................................................... 32 
4.2.1 产品结构分解 ........................................................................................ 33 
4.2.2 产品数据存储方式 ................................................................................ 34 
4.2.3 产品绘制与修改 .................................................................................... 37 
4.2.4 折弯工步信息存储方式 ........................................................................ 39 
4.3 后挡料定位及回退计算 ................................................................................ 40 
4.3.1 后挡料参数化建模 ................................................................................ 40 
4.3.2 后挡料定位计算 .................................................................................... 41 
4.3.3 后挡料回退计算 .................................................................................... 43 
4.4 本章小结 ........................................................................................................ 45 
第五章 折弯工艺计算 ......................................................................................... 46 
5.1 单步干涉计算 ................................................................................................ 46 
5.1.1 产品拆分与结构简化 ............................................................................ 46 
5.1.2 模具线偏移 ............................................................................................ 47 















5.2 产品退化模型的工序计算 ............................................................................ 49 
5.2.1 折弯工序信息 ........................................................................................ 49 
5.2.2 产品退化的方法 .................................................................................... 51 
5.2.3 基于中间产品的工序搜索 .................................................................... 53 
5.3 折弯工艺的评估策略 .................................................................................... 54 
5.3.1 生产用时计算 ........................................................................................ 54 
5.3.2 工艺可选项 ............................................................................................ 56 
5.3.3 精度识别方法 ........................................................................................ 56 
5.4 本章小结 ........................................................................................................ 59 
第六章 总结与展望 .............................................................................................. 60 
6.1 总结................................................................................................................. 60 
6.2 研究展望 ........................................................................................................ 60 
参考文献 ................................................................................................................... 62 
致  谢........................................................................................................................ 65 




























Abstract in Chinese .................................................................................................I 
Abstract in English ................................................................................................ II 
Contents in Chinese .............................................................................................. IV 
Contents in English ............................................................................................ VII 
List of Figures and Tables ................................................................................... X 
Chapter 1 Introduction ......................................................................................... 1 
1.1 CNC bending machine ..................................................................................... 1 
1.2 Classification and Development of bending machine ................................... 2 
1.3 Background and significance .......................................................................... 3 
1.4 Major research content .................................................................................... 4 
Chapter 2 Development environment of bending graphics system ...... 5 
2.1 Environment Configuration ............................................................................ 5 
2.2 Function of rendering ...................................................................................... 5 
2.3 Perspective control ........................................................................................... 7 
2.4 Graph pickup ................................................................................................... 9 
2.5 Frame Buffer and Animation Mechanism ................................................... 10 
2.6 Summary of this chapter ............................................................................... 11 
Chapter 3 Algorithms in bending graphics system ................................... 12 
3.1 Geometric modeling Graphic ........................................................................ 12 
3.1.1 The representation of three-dimensional modeling ................................ 12 
3.1.2 The geometric model construction method ............................................. 13 
3.1.3 Model Data Manipulation ....................................................................... 14 
3.2 Method of data storage .................................................................................. 15 
3.2.1 Data structures and pointers .................................................................... 15 
3.2.2 Standard Template Library ...................................................................... 16 
3.3 Graphics-drawing algorithm ........................................................................ 18 
3.3.1 Segment intersection ............................................................................... 18 
3.3.2 polygon convex decomposition .............................................................. 19 
3.3.3 Boolean Operations on Polygons ............................................................ 21 















3.4.1 Rotating Transform ................................................................................. 23 
3.4.2 Method of angle interaction .................................................................... 24 
3.5 Summary of this chapter ............................................................................... 25 
Chapter 4 Implementation of bending function module ........................ 26 
4.1 Modeling of punch and die ............................................................................ 26 
4.1.1 Classification of mold ............................................................................. 26 
4.1.2 Structure and storage of mold ................................................................. 27 
4.1.3 Free drawing of mold .............................................................................. 29 
4.1.4 Size editing of mold ................................................................................ 30 
4.1.5 Heel and its model algorithm .................................................................. 31 
4.2 Product modeling and process information ................................................. 32 
4.2.1 Structural decomposition of product ....................................................... 33 
4.2.2 Storage of product ................................................................................... 34 
4.2.3 Drawing and editing of product .............................................................. 37 
4.2.4 Storage of bending process information ................................................. 39 
4.3 Positioning and retract calculation of back gauge ...................................... 40 
4.3.1 Parametric modeling of back gauge ........................................................ 40 
4.3.2 Positioning calculation of back gauge .................................................... 41 
4.3.3 Retract calculation of back gauge ........................................................... 43 
4.4 Summary of this chapter ............................................................................... 45 
Chapter 5 Bending process calculation ......................................................... 46 
5.1 Interference calculation of single-step.......................................................... 46 
5.1.1 Split and simplify the structure of product ............................................. 46 
5.1.2 Line offset of mold .................................................................................. 47 
5.1.3 Interference calculation in partition ........................................................ 48 
5.2 Bend sequence calculation of product degradation model ......................... 49 
5.2.1 Information of bend sequence ................................................................. 49 
5.2.2 The method of product degradation ........................................................ 51 
5.2.3 Sequence search based on the intermediate product ............................... 53 
5.3 Assessment strategies of bending process .................................................... 54 
5.3.1 Production time calculation .................................................................... 54 
5.3.2 Process preferences ................................................................................. 56 













Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
